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A B S T R A C T  
The Pioneer 10111 Meteoroid Detection Equipment (MDE) pressure 
cells were tested at liquid nitrogen (LN2) and liquid helium (LHe) 
temperatures with the excitation voltage controlled as a parameter. 
The cells failed by firing because of pressurizing gas cn~densstion 
as the temperature was lowered from LN2 to LHe temperature and when 
raised from LHe temperature. A study was conducted to determine cell 
pressure as a function of temperature, and cell failure was estimated 
as a function of temperature and excitation voltage. The electronic 
system was also studied and a profile of primary spacecraft voltage 
(nominally 28 Vdc) and temperature corresponding to electronic system 
failure was determined experimentally. 
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PIONEER MDE TRANSDUCER EXPERIMENT 
The Pioneer  MDE t ransducers  were p rev ious ly  c h a r a c t e r i z e d  a t  t h e  
temperature of l i q u i d  n i t rogen  (LN ), - 1 9 5 . 8 ~ ~ .  The low temperature 
t e s t s  descr ibed h e r e i n  were conducfed a t  t h e  temperature of l i q u i d  helium 
0 ( W e ) ,  -268.9 C ,  because i t  is a  convenient temperature f o r  t h e s e  tests 
and, i f  s u c c e s s f u l ,  would demonstrate t h e  Pioneer MDE t ransducer  and gas 
t o  be s u i t a b l e  t o  t h e  lowest p o s s i b l e  t e s t  temperature. Cryogenic 
p r o p e r t i e s  of argon, helium, and n i t rogen ,  which a r e  of i n t e r e s t  i n  t h i s  
r e p o r t ,  a r e  t abu la ted  i n  Table I. 
Descr ip t ion  of Apparatus and Procedure 
The low temperature test appara tus  is i l l u s t r a t e d  i n  Figure  1. The 
test t ransducer  was mounted a t  t h e  end of a s e c t i o n  of s t a i n l e s s  s t e e l  
tubing wi th  an  o u t s i d e  diameter of approximately 6.4 mm. (The tubing,  
t r ansducer ,  and two e l e c t r i c a l  l e a d s  had t o  pass  through a smal l  opening 
i n  t h e  top of t h e  c r y o s t a t . )  The oppos i t e  end of t h e  tub ing  w a s  terminated 
i n  a  v a r i a b l e  l e a k  va lve  ( G r a c v i l l e - P h i l l i p s  Company S e r i e s  203). A 
s i n t e r e d  s t a i n l e s s  s t e e l  f i l t e r  was l o c a t e d  a t  t h e  i n l e t  t o  t h e  v a r i a b l e  
l eak  va lve  t o  p r o t e c t  t h e  valve ,  and t h e  f i l t e r  was connected through 3 
"tee" connector t o  two vacuum q u a l i t y  va lves  which served t o  i s o l a t e  t h e  
t r ansducer ,  f i l t e r ,  and v a r i a b l e  l e a k  va lve .  One vacuum va lve ,  v a l v e  1, 
was connected t o  an  MDE gas  source ;  and a  second, va lve  2 ,  was connected t o  
a  vacuum pump. The tubing con ta in ing  t h e  t r ansducer  was 4 f e e t  long s o  
t h a t  t h e  "test c e l l "  could be lowered t o  near  t h e  bottom of t k e  LYe c r y o s t a t .  
Tubing between t h e  v a r i a b l e  l e a k  va lve  and t h e  two vacuum qu: i t y  va lves  was 
a s  s h o r t  a s  p o s s i b l e  t o  keep t h e  volume i s o l a t e d  when v a l v e s  1 and 2 were 
c losed  t o  a  minimum. The long, f l e x i b l e  l i n e s  extending from v a l v e s  1 and 
2  permit ted  t h e  tubing housing t h e  t r ansducer  t o  be r a i s e d  above t h e  cryo- 
s t a t ,  guided t o  t h e  c r y o s t a t  opening, and lowered i n t o  t h e  l i q u i d  helium. 
When t h e  vacuum valves  i n  Figure  1, va lves  1 and 2, ilre c losed ,  t h e  volume 
i s o l a t e d  between t h e  va lves  inc lud ing  t h e  f i l t e r  anc. v a r i a b l e  l e a k  valve ,  1 is es t imated t o  be 26 x  10' m3. 
TABLE I 
SOME CRYOGENIC PROPERTIES OF ARGON, HELIUM, 
AND NITRCGEN 
Proper ty  A 2 He 
Atomic o r  Molecular Weight 4 0 2 8 4 
Boi l ing  Po in t  -185.9 '~ -195.8'~ -268.9 '~  
Me1 t i n g  Point  -189.4'~ -210. OOC --- 
Vapor Pressure  a t  LHe Temp. <1 mHg <1 W g  --- 
T r i p l e  Po in t  
Figure 1. Liquid Helium Temperature Tes t  Apparatus 
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The test cell was connected to the circuitry illustrated in Figure 2 
which is identical to the Pioneer MDE transducer interface circuitry. 
Transducer firing events were monitored on a strip chart recorder and 
an oscilloscope. 
Prior to any experimentation, the variable leak valve was set for a 
slow le-k rate and left at that setting throughout the experiment. The 
rate of flow through the valve was not critical, but was set to insure 
that the transducer would remain in a pressure range conducive to firing 
for several minutes. This leak rate was set experimentally during room 
temperature experiments. In addition ta setting the variable leak valve, 
the pressure regulator on the MDE gas cylinder was adjusted to a pressure 
of approximately 1000 mmHg which was the approximate sealing pressure of 
the Pioneer MDE pressure cells. 
A typical experimental procedure was as follows. With the transducer 
at room temperature, the volume between valves 1 and 2, including the 
variable leak vaive and transducer, was pumped to a rough vacuum by closing 
valve 1 and opening valve 2 to the vacuum pump. Valve 2 was closed, and 
valve 1 was opened to pressure the transducer region to 1000 mmHg. Valve 
1 was then closed to isolate the gas in the volume between valves 1 and 2, 
i.e., the test cell. The test cell was then lowered into the LHe to reduce 
the temperature of the transducer and the pressurizing gas. Valve ? could 
then be opened to pump the MDE gas from the trapped volume. The variable 
leak valve restricted the leak to a relatively slow rate which could occur 
in the Pio~eer MDE pressure cells as a result of a meteoroid penetration in 
space. 
Experimental Results 
The initial step in the low temperature experiment was to demonstrate 
that the test cell was typical of the Pioneer MDE pressure cells. Since 
there were no provisions for monitoring the pressure in the vicinity of the 
transducer, its characteristics were checked at room temperature by pressurizing 
the test cell and pumping it to a vacuum through the restricting variable 
leak valve. This procedure was repeated several times each with different 
excitation voltages applied to the test cell. The test cell was observed 
to fire routinely at excitation voltages from -500 Vdc to -250Vdc. At -225 
Vdc excitation, a routine firing event was not observed. (The oscilloscop~~ 
monitor would occasionally trigger, but an output pulse of significant ampli- 
tude could not be observed.) Minimum output voltages observed for the 
different excitation voltages are tabulated in Table 11. These results wer* 
observed repeatedly. 
The test cell was also forced to fire at the sealing pressure (approxi- 
mately 1000 nnnHg) and room temperature by increasing the excitation voltage 
in decade steps at 5-second intervals until a firing event occurred. Firing 
events were observed at voltages of 960, 1010, 1030, and 1300 volts. These 

TABLE I1 
MINIMUM OUTPUT VOLTAGES FOR QIFFERENT EXCITATION VOLTAGES 
(20Oc) 
Excitation Voltage Minimum Output Voltage 
(Volts dc) (Volts) 
voltages and the minimum firing voltages observed when the test cell was 
pumped to a vacuum are indicative of a typical Pioneer MDE pressure cell 
and would fall in the range of the Paschen characteristics for MDE trans- 
ducers. (During these room temperature experiments, the variable leak 
qralve was set to 150 and initial firing events occurred in 2 to 3 minutes 
after opening valve 2.) 
The LHe temperature experiments dere begun by pressurizing the test 
cell with the Pioneer MDE gas, i.e., closing valve 2 after evacuating, opening 
valve 1, and closing valve 1 to isolate the test transducer. The transducer 
was then lowered into the LHe. The excitation voltage was applied and changed 
in steps from an initial -400 Vdc to -2000 Vdc. No firingeventswere observed. 
The excitation voltage was set to -400 Vdc, and valve 2 opened to evacuate the 
test cell. Valve 2 was optn for appr~xiir~ltely 31 minutes, and the excitation 
voltage was changed from -400 to -800 Vdc during this intexim. At 31 minutes, 
the excitation voltage was changed back to -400 Vdc, and the test cell lifted 
from the LHe. The test cell quickly began to fire in a manner chayocteristic 
of the Pioneer MDE pressure cells at LN2 temperature and above. 
In subsequent experiments, the test cell was pressurized to 1000 mmHg 
at room temperature and isolated by closing valves 1 and 2. With voltage 
excitation applied, the cell was observed to fire (and oscillate as is 
characteristic of the cell in the relaxation oscillator) repeatedly when- 
ever the cell was lowered into the LHe and when removed from the L'rle. These 
observations were repeated at -600, -500, -400, and -350 Vdc. Firing events 
were not observed when the cell was lowered into LHe or removed from LHe 
when the excitation voltage was -300 Vdc. 
When the  c e l l  was lowered i n t o  t h e  LHe wi th  vo l t age  e x c i t a t i o n ,  
t h e  c e l l  would f i r e  b r i e f l y  and then cease  t o  f i r e .  I f  va lve  2 was 
then opened, t h e  c e l l  would u s u a l l y  f i r e  and con t inue  f i r i n g  f o r  a  
long per iod.  A f t e r  f i r i n g  ceased,  no f u r t h e r  f i r i n g  e v e n t s  werc .. .d 
when t h e  c e l l  was removed from t h e  LHe. There were occas ions ,  wevel., 
i n  which t h e  c e l l  was no t  observed t o  f i r e  a f t e r  opening v a l v e  L fo r  a  
s i g n i f i c a n t  t ime pe r iod ,  and i t  d i d  f i r e  when removed from t h e  LEe wi th  
t h e  valve  opened. 
The r e s u l t s  of t h e  low temperature experiments desc r ibed  i n  t h e  
preceding paragraphs suggest  t h e  fc l lowing  conclus ions .  F i r s t ,  t he  
Paschen c h a r a c t e r i s t i c  minimum f o r  t h e  Pioneer MDE p r e s s u r e  c e l l  a t  
t b e  temperature of  LHe l i e s  between -300 and -350 Vdc. Second, t h e  
Pioneer MDE c e l l s  w i l l  f a i l  a t  some temperature below t h a t  of LN2 and 
above t h a t  of LHe. The f a i l u r e  mode w i l l  be ext raneous  f i r i n g s .  A t  
some lower temperature ,  t h e  f i r i n g s  w i l l  c ease .  
The fol lowing f a i l u r e  mechanism f o r  the  t e s t  c e l l  i d e n t i f i e d  z a r l i e r  
a s  a  t e s t  t r ansducer  i s  hypothes ized,  and a  s i m i l a r  mechanism can be ex- 
pected f o r  t h e  pressu:e c e l l s  on board Pioneer  10 and Pioneer  11. ( A  
subsequent paragraph w i l l  d i s c u s s  t h e  p o t e n t i a l  f o r  a s i g n i f i c a n t  d i f f e r -  
ence between the  t e s t  c e l l  and a  c e l l  on board Pioneer  10 o r  Pioneer  11 
due t o  t h e  e f f e c t  of E a r t h ' s  g r a v i t y . )  A s  t h e  temperature  of t h e  t e s t  
c e l l  i s  lowered, t h e  p r e s s u r i z i n g  gases  (argon and n i t rogen)  w i l l  even tua l ly  
l i q u e f y  and then s o l i d i f y .  A s  i t  l i q u e f i e s ,  t h e  p r e s s u r e  i n  t h e  c e l l  w i l l  
drop t o  t h e  sum of t h e  vapor p r e s s u r e s  of argon and n i t r o g e n  a t  t h e  tempera- 
t u r e  of t h e  c e l l .  A t  t h e  temperature of LHe, f o r  example, t h e  vapor 
p ressures  of both  argon and n i t r o g e n  a r e  l e s s  than  1 d g .  Consequently, 
a s  t h e  temperature is lowered, t h e  p r e s s u r e  i n  t h e  c e l l  w i l l  pass  through 
a  range a t  which conduction between t h e  t r ansducer  e l e c t r o d e s  can occur.  
As t h e  temperature of t h e  t e s t  c e l l  i s  l o w ~ r e d  by immersing i t  i n  
LHe, t h e  PI*-saurizing gases a r e  l i k e l y  t o  condense c7 t h e  w a l l s  of t h e  c e l l  
tubing.  I f  t h e  argon and n i t r o g e n  remain a s  a  l i q u - J  long enough, and a r e  
of s u f f i c i e n t  q u a n t i t y ,  i t  is p o s s i b l e  f o r  t h e  l i q u i d  t o  f:ow t o  t h e  bottom 
of t h e  tubing,  i . e . ,  t o  t h e  t r ansducer ,  b e f o r e  f r e e z i n g  t o  a s o l i d ,  (The 
p r e s s u r i z i n g  gas i n  t h e  t e s t  c e l l  i s  es t imated t , .  he 0 . Q 4  l i t e r s  i n  t h e  
l i q u i d  phase.) The " c o l l e c t i n g "  e f f e c t  would not  be p resen t  on t h e  Pioneer  
s p a c e c r a f t s  because of t h e  absence of E a r t h ' s  g r a v i t y .  (A c o l l e c t i n g  of 
t h e  l i q u i d  gas  i s  a l s o  u n l i k e l y  i n  the  t e s t  c e l l  because t h e  amount of  
l i q u i d  is very  low and t h e  b o i l i n g  and f r e e z i n g  temperatures  a r e  very c l o s e  
toge the r  f o r  both  argon and n i t rogen . )  Because t h e  temperature of t h e  c e l l  
j s  below t h e  t r i p l e  p o i n t  temperature of  argon (-189.5'~) and n i t r o g e n  
(-210.l0c),  t h e  gas should pass  d i r e c t l y  from t h e  s o l i d  phase t o  t h e  gas 
phase when exposed t o  a  vacuum a t  a lower prest;ure than t he  t r i p l e  po in t  
p ressure ;  and, again ,  t h e  d i s t r i b u t i o n  of t h e  3 o l i d  throughout t h e  c e l l  may 
have a  s i g n i f i c a n t  In f luence  on t h e  c h a r a c t e r i s t i c s  of the  c e l l .  The rapid  
t r a n s i t i o n  of  t h e  p r e s s u r i z i n g  gas through Ehree ( o r  two) phases i s  a  dynamic 
process  t h a t ,  unfor tuna te ly ,  cannct  be observed i n s i d e  t h e  Pioneer MDE c e l l .  
By assuming t h a t  t h e  test c e l l  and t h e  Pioneer  MDE p r e s s u r e  c e l l s  
were s e a l e d  a t  1170 nrmHg and a t  a temperature  of 3 0 0 ' ~  (27Oc), and t h a t  
t h e  volume remains cons tan t ,  t h e  p r e s s u r e  i n  t h e  c e l l  and t h e  s t a t e  o r  
phase of t h e  p r e s s u r i z i n g  gas can be es t ima ted .  These e s t i m a t e s  f u r t h e r  
assume t h a t  the  p r e s s u r i z i n g  gas ,  75 percent  argon and 25 pe rcen t  n i t r o g e n  
by volume, conforms t o  t h e  p e r f e c t  gas  law -- i . e . ,  PV = ..!IT, and n i t r o g e n  
gas  is  r e l a t i v e l y  i n s o l u b l e  i n  l i q u i d  n i t rogen .  
The vapor p rdssure  d a t a  i n  Figure  3 a r e  e s s e n t i a l  f o r  e s t i m a t i n g  c e l l  
p ressure .  Cell p r e s s u r e  a s  a f u n c t i o n  of temperature  is  a l s o  p l o t t e d  i n  
Figure  3 f o r  s e a l i n g  p r e s s u r e  of 1170 ItrmHg and 1000 mmHg. Ti.ese r e s u l t s  
i l l u s t r a t e  t h a t  s e a l i n g  p r e s s u r e  v a r i a t i o n s  have l i t t l e  n f f e c t  on t h e  c e l l  
p r e s s u r e  a t  low temperatures.  The vapor p r e s s u r e  d a t a  were taken from 
S t u l l  (Ref. 1 ) .  
A t  temperatures  above 7 9 ' ~  (-19s0c), bo th  t h e  a r l  on and n i t r o g e n  re-  
main gaseous and c e l l  p r e s s u l e  is given by t h e  sum of t h e  p a r t i s l  p r e s s u r e s  
of t h e  two gases.  Below 7 9 ' ~  (bu t  above 60°K (-213'~' ) t h e  argon io i n  
l i q u i d  phase (poss ib ly  a s o l i d  phase) ,  t h e  n i t r o g e n  is  a gas ,  and t h e  c e l l  
p r e s s u r e  is t h e  sum of t h e  p a r t i a l  p r e s s u r e  of n i t r o g e n  and t h e  vapor pres-  
s a x e  of argon a t  t h e  reduced temperature.  A t  60°K, t h e  p a r t i b l  p r e s s u r e  
of n i t r o g e n  i s  approximately t h e  vapor p r e s s u r e  of n i t r o g e n  and t h e  n l t r o -  
gen condenses t o  a l i q u i d .  Below 6 0 ' ~ ~  t h e  c e l l  p r e s s u r e  is  t h e  sum of  t h e  
vapor p r e s s u r e s  of t h e  argon and n i t r o g e n .  
Figure  4 is a worst-case,  Paschen c h a r a c t e  i s t i c  curve  f o r  t h e  P i o ~  - 
MDE p r e s s u r e  c e l l s .  Th i s  cu rve  w a s  taken from previous  exper imenta l  r 
wi th  t h e  Pioneer  MDE p r e s s u r e  c e l l  a t  LN2 temperature  (Ref. 2) an< f a l l  
on t h e  minimum f i r i n g  v o l t a g e  a t  LHe temperature  demo~ls t ra ted  dur ing  rnc: ,ow 
temperature experiments desc r ibed  p rev ious ly  i n  t h i s  r e p o r t .  It is considered 
t o  be a worst-case curve  because most of  t h e  observed d a t a  p o i n t s  (>95 pe rcen t )  
would f a l l  above t h i s  curve  f o r  a g iven p ressure .  Moreoever, a minimum f i r i n g  
v o l t a g e  of 350 v o l c s  has  been demonstrated a t  LHe temperature ,  t h e  c e l l s  have 
been demonstrated t o  be s a t i s f a c t o r y  a t  LN temperature ,  and Paschen curves  2 f o r  temperatures  below LN a r e  expected t o  f a l l  above t h e  curve  of Figure  4 .  
For a given e x c i t a t i o n  v o l t a g e ,  a f i r i n g  ( o r  f a i l u r e )  p r e s s u r e  can be de- 
termined from Figure  4, and t h i s  f i r i n g  p r e s s u r e  can be used t o  determine t h e  
temperature a t  which a s e a l e d  c e l l  w i i l  f i r e  i n  Figure  3. I f  t h e  e x c i t a t i o n  
vo l t age  is 400 v o l t s ,  f o r  example, a worst-case f i r i n g  p r e s s u r e  of 15 mmHg 
can be es t imated from t h e  curvg of Figure  4. From Figure  3, t h i s  corresponds 
t o  a temyerature  of 5 5 ' ~  (-218 C ) .  Thus, t h e  p r e s s u r e  c e l l s  a r e  expected t o  
0 f a i l  a t  55 K due t o  reduced p ressure  i n  t h e  c e l l  By r e p e a t i n g  t h i s  pro- 
cedure ,  a c e l l  temperature-exci ta t ion tvoltage f a i l u r e  p r o f i l e  was genera ted,  
and these  r e s u l t s  a r e  shown i n  Figure  5. 
I t  is ncted from Figure  3 t h a t  f o r  temperatures  below 60°K, t h e  c e l l  
p r e s s u r e  is  zpproximately equa l  t o  t h e  vapor p r e s s u r e  of n i t r o g e n .  Conse- 
quen t ly ,  f o r  t h e  f a i l u r e  mode considered i n  t h i s  r e p o r t ,  t h e  temperature 
a t  which f a i l u r e  occurs  i s  r e l a t i v e l y  independent of v a r i a t i o n s  i n  s e a l i n g  
p r e s s u r e  and s e a l i n g  temperature.  As i l l u s t r a t e d  i n  'J igure 5 ,  t h e  f a i l u r e  
temperature i s  on ly  s l i g h t l y  depencient on t h e  e x c i t a t i o n  v o l t a g e .  
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Excitation Voltage 
Figure 5. Temperature at Which Failure Occurs in a Sealed Cell 
Due to Gas Condensation as a Function of Excitation Voltage 
Conclusions 
From the  r e s u l t s  of the  experiments described herein,  and i r r e s p e c t i v e  
of t h e  d i f f e r ence  between the  t e s t  c e l l  and c e l l s  on board Pioneer 10 and 
Pioneer 11 (Earth 's  g rav i ty ,  f o r  example), i t  is concluded tha t  the Pioneer 
pressure c e l l s  w i l l  f a i l  a t  a temperature between t h e  temperatures of LN2 
and LHe. The f a i l u r e  mode w i l l  be extraneous f i r i n g  events  due t o  decreas- 
ing pressure (discontinuous densi ty)  i n  t h e  c e l l s  a s  the  gas l i que f i e s .  
The temperature a t  which f a i l u r e  occurs i s  r e l a t i v e l y  independent of t h e  
s ea l i ng  pressure and t h e  s ea l i ng  temperature, snd is only s l i g h t l y  dependent 
0 
on t h e  exc i t a t i on  voltage. The f a i l u r e  temperature is estimated t o  be 51 K 
a t  350 b o l t s  e x c i t a t i o n  and increases  t o  5 9 O ~  a t  550 v o l t s  exc i ta t ion .  I f  
one can assume t h a t  t h e  pressure panels  on a spacecraf t  a r e  a t  approxinmtely 
the  same temperature, t h e  panels w i l l  a l l  begin t o  f i r e  a t  approximately t he  
same time. Consequently, t he  onset  of t h e  f a i l u r e  may be recognizable by an 
apparent "slow leak" i n  both da ta  channels. Once t h e  panels passed through 
t h e  " l iquefying temperature," and f i r i n g s  ceased, they may o r  may co t  f i r e  
again a s  a r e s u l t  of a meteoroid penetrat ion,  depending upon t h e  dynamics 
of t h e  solid-to-gas phase t r ans i t i on .  
PIONEER MDE ELECTRONICS EQUIPMENT 
Descr ip t ion  of  Apparatus and Procedure 
A f l i g h t - q u a l i t y ,  MDE e l e c t r o n i c  u n i t  was t e s t e d  a t  low vol tage-  
low temperature c o n d i t i o n s  t o  determine c o n d i t i o n s  under which t h e  
e l e c t r o n i c  u n i t w o u l d n o t  func t ion  proper ly .  The f l i g h t - q u a l i t y  test 
u n i t  was loca ted  i n  h.. environmental  test chamber and connected t o  a 
modified ground suppor t  equipment (GSE) u n i t  designed t o  e x e r c i s e  t h e  
NDE  nit. The modi f i ca t ion  provided f o r  supplying a v a r i a b l e  dc v o l t a g e  
t o  t h e  MDE u n i t  a s  a s imula ted  inpu t  from t h e  s p a c e c r a f ~  r a t h e r  than 
a i i x e d  28 Vdc supply.  Figure  5 is a block diagram of t h e  test appara tus .  
The HDE was l o c a t e d  i n  a n  environmental  test chamber i n  x d e r  t h a t  t h e  
test temperature could be  c o n t r o l l e d .  Other components were e x t e r n a l  s o  
a s  not  t o  be sc ressed  by t h e  cold  temperature.  Ihe GSE provides  f o r  
completely e x e r c i s i n g  t h e  HDE e l e c t r o n i c  u n i t .  I t  s u p p l i e s  a l o g i c  inpu t  
t o  t u r n  t h e  MDE power c o n v e r t e r  ON, a nominal 28 Vdc t o  o p e r a t e  t h e  MDE 
conver te r ,  two word g a t e s ,  and b i t  s h i f t  inpu t s .  I t  r e a d s  t h e  two ou tpu t  
words and d i s p l a y s  c o n t e n t s  of t h e  MDE coun te r s  a s  p a r a l l e l  b i t s .  I t  
s imula tes  t r ansducer  i n t e r f a c e  c i r c u i t r y  i n p u t s  s e r i a l l y  t o  each of t h e  
twelve MDE i n t e r f a c e  c i r c u i t s ,  and provid-s f o r  bypassing t h e  MDE t r a n s -  
mission g a t e  t i m e  de lay  f e a t u r e  t o  f a c i l i t a t e  t e s t i n g  t h e  HDE u n i t .  The 
t i m e  de lay  f e a t u r e  can a l s o  5e exerc i sed  wi th  t h e  GSE. 
The 28 Vdc power supply  i n t e r n a l  t o  t h e  GSE was d i s a b l e d  t o  provide  
f o r  varying t h e  nominal 28 Vdc t o  t h e  MDE e l e c t r o n i c  u n i t .  An e x t e r n a l ,  
constant  28 Vdc supply  w a s  s u b s t i t u t e d  t o  supply  t h e  GSE load;  a n  e x t e r n a l ,  
v a r i a b l e  supply  was s u b s t i t u t e d  t o  s u p p l y  t h e  MDE load.  These s u p p l i e s  
are ev iden t  i n  Figure  6. The MDE pover conver te r  output  v o l t a g e  t o  t h e  
p r e s s u r e  c e l l s  was r o u t i n e l y  monitored wi th  a n u l l  v7l tmeter  i n  o r d e r  not t o  
load t h i s  h igh impedance source.  
The exper imenta l  procedure was a s  fo l lows.  The ?fDE temperature  was s e t  
t o  a s e l e c t e d  t e s t  temperature by incrementing t h e  t e s t  chamber c o n t r o l l e r  
by 5 ' ~  a t  5 minute i n t e r v a l s .  When a s e l e c t e d  temperature w a s  reached,  i t  
was held  cons tan t  f o r  a per iod of one hour t o  a l low t h e  ?iDE temperature  t o  
s t a b i l i z e .  Following temperature s t a b i l i z a t i o n ,  t h e  GSE was tlsed t o  con- 
p l e t e l y  e x e r c i s e  t h e  MDE. With t h e  v a r i a b l e  supply  s e t  a t  a s e l e c t e d  v o l t a g e ,  
t h e  GSE w a s  used t o  s i m u l a t e  meteoroid h i t s  ( i n p u t s  due t o  p r e s s u r e  c e l l  
f i r i n g s )  t o  advance both  MDE coun te r s  through a complete c y c l e .  The MDE 
t ransrnlssion g a t e  i n h i b i t  f e a t u r e  was removed (by a GSE swi tch)  t o  f a c i l i t a t e  
t h i s  test. Subsequent t o  t h i s  t e s t ,  t h e  t ransmiss ion g a t e  i n h i b i t  f e a t u r e  was 
re tu rned  t o  normal, and t h e  MDE was monitored a s  m u l t i p l e  "h i t s "  were genera ted 
i n  t h e  GSE. Normal o p e r a t i o n  was observed when only  a s i n g l e  event  r e g i s t e r e d  
i n  each counter .  Th i s  test procedure was repeated f o r  i n c r e a s i n g l y  lower 
inpu t  v o l t a g e s  (0.5 v o l t  increments)  u n t i l  t h e  MDE f a i l e d  t o  complete a 
s u c c e s s f u l  t e s t .  A t  each f a i l u r e ,  t h e  f a i l u r e  mode and v o l t a g e  were recorded.  

Following an MDE f a i l u r e  a t  a  s e t  temperature,  t h e  v a r i a b l e  
dc  supply was inc reased  t o  28 v o l t s ,  and t h e  MDE conver te r  v o l t a p  
ou tpu t  t o  t h e  p r e s s u r e  c e l l s  was recorded a s  a  func t ion  of MDE e x c i t a -  
t i o n  vo l t age  a t  t h e  s e t  temperature.  
Experimental Resu l t s  
MDE E l e c t r o n i c  Unit .  - The r e s u l t s  of t h e  low voltage-low temperature 
experiments on the  MDE e l e c t r o n i c  u n i t  a r e  summarized i n  Figure  7 where 
v o l t a g e s  corresponding t o  s u c c e s s f u l  and unsuccessful  t e s t s  a r e  i d e n t i f i e d  
f o r  s e v e r a l  t e s t  temperatures .  (The dasheg l i n e  i n  Figure  7 w i l l  be d i s -  
cussed i n  a  subsequent paragraph.)  A t  -58 F, f o r  example, a l l  el&?ments 
of t h e  e l e c t r o n i c  u n i t  were observed t o  func t ion  normally a t  22 v o l t s  MDE 
e x c i t a t i o n ,  but t h e  MDE f a i l e d  t o  func t ion  normally a t  21.5 v o l t s  e x c i t a -  
t ion.  
The fol lowing f a i l u r e  modes were observed dur ing  t h e s  t e s t s .  The 
most f r equen t  f a i l u r e  mode was a f a i l u r e  of t h e  GSE t o  i n d i c a t e  t h e  output 
of  one o r  both  of t h e  ?iDE coun te r s .  When t h e  e x c i t a t i o n  v o l t a g e  was in-  
creased.  however, t h e  GSE d i d  i n d i c a t e  the  o r i g i n a l  content  o f  t h e  coun te r s  
p l u s  any a d d i t i o n a l  h i t s  i n s e r t e d  manually a t  t h e  low v o l t a g e  2ondi t ion.  This  
i n d i c a t e s  t h a t  t h e  f a i l u r e  i s  most l i k e l y  i n  t h e  l e v e l  c o n v e r t e r s  ( F a i r c h i l d  
DTUL9041) i n t e r f a c i n g  t h e  p a r a l l e l  t o  s e r i a l  conver te r s  i n  t h e  MDE with t h e  
GSE . 
A second faLlure  mode observed and concluded t o  be s i m i l a r  t o  t h e  
f i r s t  was the following.  While one channel (No. 2) a l t e r n a t e l y  advanced 
s i x  counts  aad remained cons tan t  f o r  s i x  counts  a s  " h i t s "  were s imula ted ,  
the o t h e r  cnannel (No. 1 )  cont inuously  read zero.  This  f a i l u r e  mode changed 
t o  become i d e n t i c a l  t o  t h e  f i r s t  i f  t h e  e x c i t a t i o n  vo l t age  was lowered 
s l i g h t l y  (e.g. ,  0.1 v o l t s )  and disappeared i f  t h e  v o l t a g e  was inc reased  
s l i g h t l y .  This is concluded t o  be  due t o  t h e  f a i l u r e  of  only  one of t h e  two 
l e v e l  conver te r s .  
A t h i r d  f a i l u r e  mode, observed a t  lower temperatures ,  was an  i n t e r m i t t e n t  
f a i l u r e  of t h e  MDE t o  r e g i s t e r  a  h i t .  This f a i l u r e  mode could r e s u l t  from 
any of a  number of l o g i c  element f a i l u r e s  i n  t h e  MDE OR g a t e s ,  t ransmiss ion 
ga tes ,  o r  event coun te r s .  
A f o u r t h  f a i l u r e  mode was observed but  was t r a c e d  t o  t h e  GSE r a t h e r  
than t h e  MDE. With n u l t i p l e  (more than s i x )  GSE "h i t s "  genera ted i n  t h e  
manual mode, one counter  ron t inued  t o  advance one count f o r  each " h i t "  
genera ted.  This apparent  f a i l u r e  was concluded t o  be a  malfunction of the  
GSE only i n  t h e  Auto Sequence mode. 
MDE Converter  P ressure  C e l l  Output Voltage. - The MPE conver te r  p ressure  
c e l l  ou tpu t  vo l t age  was cbserved t o  be a l i n e a r  func t ion  of t h e  MDE e x c i t a -  
t i o n  v o l t a g e  ( v a r i a b l e  dc supply)  and r e l a t i v e l y  independent of temperature.  
These r e s u l t s  a r e  i l l u s t r a t e d  i n  Figure  8 where t h e  MDE conver te r  p r e s s u r e  
c e l l  vo l t age  is p l o t t e d  a s  a func t ion  of t b e  e x c i t a t i o n  v o l t a g e ,  and 
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Figure 8. MDE Converter Pressure Cell Voltage as a Function of MDE 
Excitation Voltage 
temperature is a parameter. The v e r t i c a l  bars  connect t h e  maxium and 
minimum pressure c e l l  vol tages  a t  a given exc i t a t i on  vol tage a s  t he  
temperature was var ied from +70°F t o  -58'~. The s t r a i g h t  l i n e  was drawn 
somewhat through the  middle of t he  v e r t i c a l  bars .  These p l o t s  show the  
converter p ressure  c e l l  vol tage t o  be a l i n e a r  funct ion of t h e  e x c i t a t i o n  
voltage (with a s lope  of 18.7 v o l t s  per v o l t )  and reasonably independent 
of temperature. 
Since t h e  minimum fir i r .g  vol tage of the MDE pressure c e l l s  a t  LHe 
temperature is between 300 and 350 v o l t s ,  it is concluded t h a t  t h e  con- 
v e r t e r  p ressure  c e l l  vol tage output w i l l  be adequate f o r  MDE e x c i t a t i o n  
vol tages  down t o  approximately 20.5 v o l t s .  
Conclusions 
It is concluded t h a t  t he  Pioneer MDE w i l l  f a i l  i f  t he  e x c i t a t i o n  
vol tage goes below 20.5 v o l t s  because t he  vol tage suppl ied t o  t h e  pressure 
c e l l s  by t he  MDE converter w i l l  be inadequate t o  f i r e  a penetrated c e l l .  
A t  temperatures below  O OF, t he  MDE w i l l  f a i l  a t  higher e x c i t a t i o n  vol tages  
because of MDE e l ec t ron i c  u n i t  f a i l u r e s .  An e l  . t r on i c  un i t  temperature- 
exc i t a t i on  vol tage p r o f i l e  corresponding t o  fai ,ure is shown i n  Figure 7 
a s  a dashed l i n e .  
CONCLUSIONS 
This  r e p o r t  has  considered t h r e e  f a c t o r s  which p ~ t e n t i a l l y  can r e s u l t  
i n  a f a i l u r e  of  t h e  Pioneer  W E .  F i r s t ,  low temperatures  a t  t h e  p r e s s u r e  
c e l l  l o c a t i o n  can reduce t h e  p r e s s u r e  i n  t h e  c e l l s  c n t i l  f i r i n g s  occur i n  
t h e  unpenetrated c e l l s .  The temperature  a t  which t h i s  f a i l u r e  mode occurs  
is s l i g h t l y  dependent on t h e  e x c i t a t i o n  vo l t age  t o  p r e s s u r e  c e l l s ,  Second, 
low e x c i t a t i o n  v o l t a g e  t o  t h e  Pioneer  MDE e l e c t r o n i c s  u n i t  from t h e  space- 
c r a f t  can cause a  r educ t ion  i n  t h e  v o l t a g e  supp l i ed  t o  t h e  p r e s s u r e  c e l l s  
t o  a va lue  such t h a t  a  pene t ra ted  c e l l  would not  f i r e .  Third ,  low e x c i t a -  
t i o n  vo l t age  t o  t h e  MDE can r e s u l t  i n  a f a i l u r e  of t h e  MDE e l e c t r o n i c  u n i t  
t o  func t ion .  The v o l t a g e  a t  which t h i s  f a i l u r e  occurs  is  a  func t ion  of t h e  
MDE e l e c t r o n i c  u n i t  temperature.  
The conclus ions  r e l a t i v e  t o  t h e  p r e s s u r e  c e l l  c h a r a c t e r i s t i c s  a t  low 
temperatures a r e  based upon t h e  exper imenta l  obse rva t ion  of p r e s s u r e  c e l l  
f a i l u r e s  as t h e  t e m p e r a t ~ r e  of a t e s t  c e l l  was repea ted ly  changed between 
room temperature and LHe temperature,  t h e  minimum v o l t a g e  of t h e  c e l l s  
Paschen c h a r a c t e r t i s t i c  a t  LHe temperature ,  t h e  assumption of a  worst-case 
Paschen curve  based upon e a r l i e r  LK temperature  r e s u l t s ,  and a  t h e o r e t i c a l  
a n a l y s i s  of  t h e  c e l l  p r e s s u r e  a s  a  $unct ion of  temperature.  These r e s u l t s  
show t h e  t empera twe  a t  which f a i l u r e  w i l l  occur  t o  be r e l a t i v e l y  independent 
of t h e  s e a l i n g  p ressure ,  s e a l i n g  temperature ,  e x c i t a t i o n  v o l t a g e ,  and exac t  
locus  of  t h e  Paschen curve.  Consequently, a l though t h e  exper imenta l  observa- 
t i o n s  were based upon experiments w i t h  a  s i n g l e  t e s t  c e l l ,  t h e  conc lus ions  
h e r e i n  should b e  a p p l i c a b l e  t o  a l l  c e l l s .  The conc tus ions  r e l a t i v e  t o  t h e  
MDE e l e c t r o n i c  u n i t  a r e  based upon experiments wi th  a  s i n g l e  f l i g h t - q u a l i t y  u n i t .  
They should be v a l i d  f o r  o t h e r  f l i g h t - q u a l i t y  MDE u n i t s  because t h e  charac te r -  
i s t i c s  of  t h e  popu la t ion  of  d i g i t a l  components i n  a given MDE u n i t  should not  
d i f f e r  s i g n i f i c a n t l y  from o t h e r  u n i t s .  (The two channels  i n  t h e  MDE mit 
t e s t e d ,  f o r  example, y ie lded  almost  i d e n t i c a l  r e s u l t s . )  
It is concluded t h a t  t h e  Pioneer MDE experime;t w i l l  f a i l  i f  t h e  
p r e s s u r e  c e l l  temperature  reaches  o r  goes below 59 K. ( I t  may not f a i l  
u n t i l  i t  reaches  5 1 ' ~  i f  t h e  e x c i t a t i o n  v o l t a g e  t o  t h e  c e l l  i s  a l s o  reduced 
0 ( s e e  Figure  5 ) ,  b u t  59 K is a reasonable  worst-case value . )  The f a i l u r e  mode 
w i l l  be  f i r i n g s  i n  unpenetra ted  c e l l s .  It w i l l  a l s o  f a i l  i f  the  e x c i t a t i o n  
vo l t age  t o  t h e  MDE e l e c t r o n i c  u n i t  goes below 20.5 Vdc, r e g a r d l e s s  of t h e  
temperature of t h e  MDE u n i t ,  because t h e  MDE conver te r  w i l l  no longer  supply 
adequate v o l t a g e  t o  f i r e  a  pene t ra ted  p r e s s u r e  c e l l .  I f  t h e  temperature 
of t h e  MDE e l e c t r o n i c  u n i t  goes below  OF, t h e  MDE u n i t  w i l l  f a i l  a t  exci -  
t a t i o n  v o l t a g e s  above 20.5 Vdc. The dashed l i n e  i n  Figure  7 d e f i n e s  t h e  
?IDE e l e c t r o n i c  u n i t  temperature  and e x c i t a t i o n  vo l t age  combinations t h a t  
w i l l  r e s u l t  i n  a  f a i l u r e  of t h e  MDE experiment.  
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